Background Same-day home discharge after transradial PCI and a bolus-only abciximab regimen was found to be clinically noninferior to the abciximab standard therapy and overnight hospitalization in patients with various forms of acute coronary syndromes.
Methods In the EASY (Early Discharge After Transradial Stenting of Coronary Arteries) trial, 1,005 patients were randomized after a bolus of abciximab and uncomplicated transradial coronary stenting, either to same-day home discharge and no infusion (outpatient group) or to overnight hospitalization and 12-h abciximab infusion (overnight-stay group). We estimated post-PCI health care cost (in Canadian dollars) of trial subjects and short-term economic impact of same-day home discharge. As randomization was done after the procedure, outcomes were similar, and PCI resource use showed minimal and nonsignificant differences, a post-PCI cost-minimization analysis was conducted. Detailed per-patient information of health care resources used immediately after PCI up to 30 days was collected.
Results Mean post-PCI hospital stay was 8.9 h for outpatients versus 26.5 h for overnight-stay patients (p Ͻ 0.001). At 30-day follow-up, the mean cumulative medical cost per outpatient was $1,117 Ϯ $1,554 versus $2,258 Ϯ $1,328 for overnight-stay patients. The mean difference of $1,141 (95% confidence interval: $962 to $1,320) was mainly due to the extra night for overnight hospital stay.
Conclusions In a real-world setting, same-day home discharge after uncomplicated transradial PCI and a bolus-only abciximab regimen resulted in a 50% relative reduction in medical costs. Extension of this outpatient strategy would be welcomed by the hospitals and reimbursement systems in a context of increasing demand for health care cost reduction. Inpatient treatment of cardiovascular disease remains a leading cause of increasing health care costs in the industrialized world (1). With an aging population, health care policy makers and managers are constantly struggling to cope with increasing demands for fewer hospital beds. Day surgery has become the standard of care for many procedures (e.g., cholecystectomy, transurethral prostatectomy) that only a few years ago required the patient to stay hospitalized overnight (2, 3) . Therefore, any intervention that will increase efficiency by reducing hospital length of stay, especially in cardiac patients, could have a major
See page 1020 impact on maximizing limited resources. With the advent of coronary stents and potent antithrombotic drugs such as glycoprotein IIb/IIIa inhibitors, percutaneous coronary intervention (PCI) is now an extremely safe procedure. Nowadays, patients who do not experience periprocedural complications will usually have an uneventful in-hospital course (4) . Even when a post-PCI myocardial infarction (MI) occurs in the absence of an overt angiographic complication, long-term mortality for those patients is not increased when compared with long-term mortality of patients without post-PCI MI (5) . In addition, with the use of the transradial approach, catheter site bleeding complications are now extremely infrequent (6) . Therefore, the need for the routine overnight hospital stay following PCI has been questioned. In the large single-center EASY (Early Discharge After Transradial Stenting of Coronary Arteries) trial, same-day home discharge after uncomplicated transradial PCI and a bolus-only abciximab regimen was found to be clinically noninferior to the abciximab bolus and 12-h infusion standard therapy and overnight hospitalization in patients with various forms of acute coronary syndromes (4). Same-day discharge after elective PCI via the femoral approach was also reported to be feasible and safe in the majority of patients selected for day-case PCI (7) . Furthermore, a recent observational study also reported the safety and feasibility for a prospective evaluation of ambulatory transradial PCI in an American practice setting (8) .
Resources freed due to such an outpatient strategy could be redirected to more valuable and cost-effective purposes. Because in the EASY trial clinical outcomes (including death, MI, urgent revascularization, major bleeding, repeat hospitalization, access site complications, and severe thrombocytopenia) were similar at 30 days (4), the purpose of our study was to estimate the cost difference between the 2 treatment approaches (cost-minimization analysis) using microcosting and macrocosting analysis.
Methods
Clinical trial. The details of the EASY trial have been previously described (4) . Briefly, patients referred for coronary angiography and possible PCI were enrolled from October 2003 to April 2005 at the Institut Universitaire de Cardiologie et de Pneumologie de Québec (IUCPQ), (formerly Laval Hospital). Patients were excluded if they presented with ST-segment elevation MI within 72 h or had previous left ventricular ejection fraction Յ30%. Except for a secondary branch in a bifurcation lesion or repeat dilation for in-stent restenosis, all severe lesions had to be stented. The protocol was approved by Health Canada and the IUCPQ Ethics Review Board. All patients signed informed consent forms for participation in the trial.
The study was a randomized, controlled, open-label study comparing same-day home discharge and abciximab bolus only (outpatient group, n ϭ 504) to overnight hospitalization and bolus followed by 12 h of abciximab infusion (hospitalized group, n ϭ 501) after uncomplicated transradial coronary stenting. In case of suboptimal results or clinical complications during the PCI procedure, patients were excluded from randomization and received abciximab bolus and infusion. Abciximab was administered as a 0.25-mg/kg bolus before first balloon angioplasty, and infusion was given for a total of 12 h at 0.125 g/kg/min to a maximum of 10 g/min. All patients received aspirin and clopidogrel before diagnostic angiography. After radial or ulnar sheath insertion, a bolus of 70 U/kg heparin was given intravenously. Vascular sheaths were removed at the end of the procedure, and a bracelet (Hemostop, Zoom, Inc., Piedmont, Quebec) remained in place until hemostasis was completed. Primary end point at 30 days was a composite of death, MI, urgent revascularization, major bleeding, repeat hospitalization, access site complication, and severe thrombocytopenia. Summary of economic methods. Detailed per-patient resources used were collected prospectively in case-report forms as planned at the beginning of the study. Given that the IUCPQ billing services were not at the time of the study measuring per-patient costs in their different services and department, we relied on a similar Canadian hospital (Centre Hospitalier de l'Université de Montréal or CHUM) detailed costing system for the unit costs used in our microcosting approach. Finally, we assessed the impact of the costing strategy on our results by using other sources of costs (macrocosting). We used a time horizon of 30 days after PCI, when the primary end point was measured. Resources measurements. Detailed per-patient information was recorded in dedicated case-report forms with respect to the procedural resources used, procedural complications, and hospital admission and discharge dates for all patients in the trial. The exact moment of completion of the intervention and discharge after the PCI was recorded, and the duration of post-PCI hospitalization was calculated for all subjects. All patients were evaluated, either through direct patient contact or by telephone, within 4 to 6 h, 24 h, and 30 days of the procedure, and detailed information was recorded with respect to subsequent angiogram or PCI (inpatient or outpatient), related surgery, repeat and prolonged hospitalizations, prescription drugs used, tests performed, and unscheduled physician visits. When possible, the diagnostic-related grouping (DRG) assigned by the hospital archiving system was retrieved for both the initial hospitalization associated with the PCI and for repeat hospitalizations within 30 days. Costs. As the subjects were randomized following PCI, the costs of resources used were estimated beginning immediately after the procedure. Therefore, costs following PCI, including costs during the index hospitalization and after discharge up to 30 days after PCI, were measured. Costs were calculated from the perspective of the institution using only hospital-based costs and also from the perspective of the health care system by adding the hospital-based costs, physician fees, and prescription drug costs for a modified medical system perspective.
Hospitalization costs were computed spanning the time from randomization up to 30 days after the procedure and included in-hospital drug use, any repeat cardiovascular procedures (angiogram or PCI), urgent revascularization, emergency department visits, nonscheduled outpatient clinic visits, and subsequent hospitalizations. Patients discharged home the same day were requested to complete an outpatient blood test and were called the following day by a nurse. These costs were included in the total cost calculation. The costs of inpatient resources used (e.g., nursing time, medication, procedures, and overhead) were based on a costing system developed at CHUM (9) . Briefly, it identifies precisely the utilization of hospital-based services for any given patient, for any DRG, and at any given hospital visit (outpatient, emergency department, inpatient stay).
Hourly cost of post-PCI hospitalization was estimated at $65/h, based on the mean 2005 to 2006 cost for patients hospitalized with DRG 112 (levels 1 to 3) with angioplasty and stent ($5,716), subtracting the estimated cost of the PCI procedure itself ($3,078), and dividing the remaining costs by the mean length of stay of patients in the hospitalized group.
To estimate costs of rehospitalizations within 30 days, price per episode was approximated using the complexitybased DRG, a classification method that groups hospitalization episodes by center and type of expenses using collected and reported financial and statistical data for each event. It takes into account direct inpatient costs, allocated overhead, diagnostic and therapeutic services, and excludes physician compensation, capital costs for buildings and termination benefits or pre-retirement leave for personnel. Cases are classified according to diagnosis, procedures, age, and complexity. Within a group, typical cases are all assigned a same resource-intensity weight, whereas atypical cases (e.g., deaths, transfers) are assigned a unique and specific resource-intensity weight according to the length of stay. The DRG of each hospitalization at IUCPQ was retrieved as coded for the index hospitalization. When unavailable (generally for patients hospitalized in other centers), the most likely DRG for the hospitalization was selected based on the detailed information collected in the case-report forms. Similar methodology has been used in other studies (10) .
Cost associated with glycoprotein IIb/IIIa inhibitor abciximab at index intervention included only the infusion cost as the bolus was mandatory in both treatment groups.
The cost of major follow-up outpatient procedures (coronary angiograms or PCI) were estimated according to a detailed, per-procedure microcosting evaluation of each procedure based on the CHUM catheterization laboratory system cost for the year 2002 to 2003 and revised using the consumer price index for health care from 2002 to 2006, to estimate the 2006 costs (11) . This microcosting system includes staff costs, overhead costs for the laboratory, and basic material for coronary angiography and PCI.
In addition to the costs of hospitalizations and hospitalbased procedures, our analysis also included costs for physician services (as normally billed to the provincial health program) and prescription drug use (net of beneficiary copayment). The usual number and type of in-hospital physician services were estimated for patients in the 2 groups. They included 2 visits by the interventional cardiologist for the overnight stay group versus 1 for outpatients. A similar approach was applied for subsequent procedures including repeat coronary angiography and PCI procedures. Costs of unscheduled outpatient visits related to cardiovascular care were also included in our analysis, with costs for each service based on the 2007 Régie de l'Assurance Maladie du Québec (RAMQ) fee schedule, the unique public payer in the province (Table 1) 
(12).
Outpatient prescription drugs use was recorded for 10 cardiac drug classes at each visit. For each medication class, we assigned an average 30-day cost based on data from the RAMQ drug reimbursement program. Specifically, we compared the average daily prescription drugs in these classes to a similar sample of beneficiaries of the RAMQ N T I O N S , V O L . 3 , N O . 1 0 , 2 0 1 0 2 0 1 0 : 1 0 1 1 -9 Economic Impact of Early Discharge After PCI provincial drug program and were able to estimate the cost of prescription drug use per patient for the 30 days following the procedure, while excluding the drugs administered during hospitalization (12). Details of these costs are also found in Table 1 . 
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Rinfret et al. The $1,141 per patient (95% CI: $962 to $1,320) difference in cost was due mainly to the reduction in cost related to the extra night for post-PCI overnight stay, as there were no significant differences in follow-up costs for procedures, physician services, or medications. Sensitivity analyses. The base case analysis estimated a $1,127 difference in total hospital-based costs. Increasing the estimated hourly hospitalization cost only increased this difference between the groups. Reducing the cost decreased the difference, but the balance favored the outpatient group even when reducing the cost as low as $10 per hour. As archive-coded hospitalization types were available for only a subset (n ϭ 21) of the subjects' rehospitalization episodes (mainly for those occurrences at the IUCPQ), we examined this subset of subjects by comparing their estimated rehospitalization costs to the subjects for whom a DRG had been N T I O N S , V O L . 3 , N O . 1 0 , 2 0 1 0 2 0 1 0 : 1 0 1 1 -9 Economic Impact of Early Discharge After PCI assigned, and little difference was observed. Even if all subjects with created and assigned DRG were removed, the analyses yielded results similar to the base case analysis. Replacing the DRG-specific hospitalization costs with the average NIRRU-based cost had little impact on the results (Table 3 ).
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Discussion
We found that a strategy of same-day home discharge following uncomplicated transradial PCI saved on average $1,141 per patient compared with the post-PCI overnight stay strategy, without any harm to the patients. Such an amount represents a 50% relative saving in post-PCI costs. For every 1,000 outpatients, such strategy could yield over $1 million in savings. Such savings were achieved with trivial system costs of implementing the early discharge program, essentially nursing time cost of $7 per patient. Finally, we found little evidence of increased resource utilization or cost during the 30-day follow-up period.
Few post-intervention strategies in health care actually save costs. Hence, our findings have important implications, both from the institution and the health care system N S , V O L . 3 , N O . 1 0 , 2 0 1 0   O C T O B E R 2 0 1 0 : 1 0 1 1 -9 Rinfret et al. Economic Impact of Early Discharge After PCI perspective. In-patient treatment of cardiovascular disease still represents a substantial amount of all health care resources spent in the industrialized world. In 2006, $43.9 billion was spent in the U.S. on hospital admissions for heart ailments (1). As shown, most of the savings were derived by shortening of the hospital stay, and avoidance of the abciximab infusion, although savings would still be present even when ignoring abciximab infusion costs. Therefore, with other periprocedural antithrombotic strategies, such as with bivalirudin, which can be stopped immediately after the procedure (14, 15) , hospital savings of $1,127 per patient would be expected in cases of uncomplicated PCI. Moreover, from the health care system perspective, the fact that hospital savings were not offset by follow-up increase in health care resources consumption is reassuring.
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It would be tempting to perceive this strategy as potentially unprofitable for U.S. hospitals; however, 62% of the patients were already hospitalized for an acute coronary syndrome. Given that reimbursement is not dependent on length of stay in U.S. hospitals but rather on assigned DRG by Medicare or private insurers, we believe that adopting a same-day discharge strategy for acute coronary patients could lead to profit for individual hospitals implementing it. Treatment of coronary artery diseases still represents a significant cost burden to U.S. society, with almost 1.2 million hospital discharges in the U.S. alone in 2006 (16) . There is also a major move in the U.S. to pay hospitals outpatient rates for elective, uncomplicated PCI, and these payments are about 50% of those for inpatient PCI. Therefore, U.S. hospitals should have tremendous incentive to identify cost savings for the PCI programs. Recently, Jabara et al. (8) reported the safety and feasibility for a prospective evaluation of ambulatory transradial PCI in an American practice setting. Early discharge after elective PCI via the femoral approach was also reported to be feasible and safe in a majority of patients selected for day-case PCI, despite a higher risk of bleeding related to the transfemoral procedure (6,7). However, cost savings related to such early discharge strategy were less than 10%. Only a minority of U.S. operators have adopted the transradial route for routine catheterization and PCI (16) . The transradial route, although technically more demanding at beginning, can be used routinely by most operators within a very short learning period. Besides, the very low bleeding rates associated with the transradial approach allow operators to use whichever peri-PCI antithrombotic regimen, without increased risks (6) . Recent large trials have tested new drugs to reduce the risk of bleeding after PCI (14, 15) , bleeding that in turn greatly increases the risk of long-term mortality, as much as an MI (17) . However, the transradial route almost completely reduces site-related bleeding. Economic savings from sameday home discharge following transradial approach may encourage a larger uptake of this site access in the near future. Study limitations. First, hospital payments in Canada are not based on individual charges but rather on fixed budgets. As few hospitals collect individual per-patient costs for management purposes, we based our post-PCI hourly unit costing, the major cost driver of our analysis, on costs derived from similar cases treated at CHUM. It is possible that some of the cost items included in the post-PCI hospital cost (e.g., nursing, meals) differ slightly at the IUCPQ where the study was performed. However, both institutions are large Canadian teaching hospitals, located in the same province, and have an overall similar administrative and clinical structure. Moreover, when using a coarser costing method such as the NIRRU method, estimates of savings remain substantial and for the most part unchanged. Second, we only used a case-mix-based costing model for follow-up hospitalizations. Because these costs represented Ͻ20% of the full 30-day costs, it is unlikely that a more precise estimate would have changed the magnitude of our findings. Furthermore, our analysis does not take into consideration the potential disutility or inconvenience associated with the outpatient blood sample performed in patients discharged the same day. Neither does it consider, on the other hand, the potential advantage and preference of being home the night after the PCI. It would be extremely unlikely that such short-term utility differences, if present, could offset the substantial savings observed. Given that major health care outcomes were similar, we felt that a cost-minimization approach was reasonable. Fourth, we did not measure individual patient medications by item but rather by class, but medication cost is not a major cost driver in our analysis. Fifth, we measured cost up to 30 days, when the primary end point was assessed. Given the lack of differences in clinical outcomes, it would seem unlikely that there would be systematic differences in health care resource utilization or attendant costs in a longer-term analysis. Sixth, as repeat PCI was performed in 5 outpatients versus none in the overnight stay group (p ϭ 0.025), one could argue that a cost-minimization analysis was not justified. However, the study clearly reported similar primary outcomes rates at 30 days, so we felt justified to limit the analysis to costs. Moreover, the significant difference in repeat revascularization at 30 days is likely a chance effect. Despite including those repeat revascularization costs in the analysis, aggregated costs were still lower with early discharge. Seventh, repeat hospitalization and procedurerelated hospitalization event rates are low in absolute numbers, resulting in low power for these comparisons. Eighth, the applicability of these findings from a public medical system to that of the U.S. needs to be confirmed. Finally, our result may only apply to patients treated from a transradial approach.
Conclusions
There is substantial economic incentive for same-day home discharge of patients following an uncomplicated transradial PCI, even in patients admitted for an acute coronary syndrome as in the EASY trial. Savings in health care spending may be turned into profit in specific situations, when in-patient treatment of acute coronary treatment can be safely abrogated.
